INTRODUCTION

Marine terraces along the
The purposes here are (1) to present stratigraphic data for the Malibu coast which indicate that some marine terrace deposits relate to eustatic changes in sea level, (2) to point out the relation of these deposits to previously published uranium- series shell dates, and then (3) to compare the resulting sea-level variation curve with the curves from coasts in other parts of the world. Data on eustatic sea-level variation must come from detailed study of both marine and nonmarine deposits and of coastal tectonics. Stream deposits whose tops coincide in altitude with marine shoreline angles can, by their thickness, be used to help differentiate marine terrace deposits laid down during a continuously falling sea level, relative to land, from those laid down during a fluctuating sea level. This kind of streamdeposit record is best seen in large valleys that head in the interior of the Santa Monica Mountains. Four relatively high stands of sea level during the last 150,000 years are recognized. Each high stand is separated from the others by relatively low stands of sea level. That the swings in sea level are mainly of eustatic origin is suggested by analysis of tectonic movements, as deduced from shoreline-angle altitudes and assumed altitudes of interglacial sea levels and by similarity with dated sea-level fluctuations for coasts in other parts of the world.
Location and geologic setting. Beach deposits, consisting predominantly of well-sorted sand, rest on marine-abrasion platforms and range in thickness from several inches to 21 feet. Gravel, where present, is generally found at the base of the deposits. The clasts, most of which are pebble size, are subrounded to rounded, and their surfaces are fairly smooth and display little microrelief. Some beach deposits are unoxi- Stream deposits, consisting typically of interbedded sand and gravel, are common in most valleys and vary in thickness from veneers several feet thick to valley fills more than 100 feet thick. The sand fraction is moderately to poorly sorted, and the gravel clasts generally are subangular to subrounded with slightly irregular microrelief. Gravel ranges in size from pebbles to 5-foot boulders.
Alluvial-fan deposits occur at the foot of most steep slopes, and in many places they rest on the beach and stream deposits. Thicknesses vary from several feet to more than 100 feet. Characteristic features include poor sorting of both matrix and gravel sizes, crude layering parallel to fan surfaces, the common occurrence of clay-rich layers, and only slight rounding of gravel clasts.
QUATERNARY STRATIGRAPHY
The stratigraphic nomenclature is modified from that of Davis (1933) 10YR 5/4). This browner color seems to be partly age dependent.
Alluvium. F3 (fig. 5) , where the marine abrasion platform and overlying marine deposits are displaced along two faults, both down on the north side and with total vertical separation nearly 47 feet.
SEA-LEVEL VARIATION AND ITS ORIGIN
The stratigraphic and altitudinal relations of both marine and nonmarine deposits can be used to construct a curve for relative changes in sea level, as discussed by Upson (1949) Wahrhaftig and Birman (1965) . Despite the serious problems of contamination and the various ways of calculating the radiometric ages from shell material, there is a considerable amount of age agreement from widespread localities (fig. 8) . For more precise correlation, however, it would be desirable to have data on eustatic sea-level variation for all dated portions of the coast.
Wisconsin time and valleys were deepened (T-4, fig. 7). As glaciers melted, sea level rose to its present position (T-6); this rise led to stream aggradation of the major valleys (T-5). Because the
Deposits of the lowest emergent terrace at Santa Cruz appear to have been laid down during the youngest identified preHolocene high stand of sea level (Bradley 1957 (Bradley , 1965 . Bradley attributed at least part of the origin of the terrace to eustatic sealevel variation. Alexander (1953) worked just south of Bradley and recognized the same marine terrace. The presence of a stream-fill terrace graded to the lowest emergent marine terrace suggests formation of the latter during a eustatic high stand of sea level (Alexander 1953, p. 23) . Thus, the lowest emergent terrace at Santa Cruz seems correlative with the Dume terrace on both geologic evidence and radiometric ages. Although Bradley (1965) reported progressive weathering of heavy minerals with increasing age of marine terrace deposits, this weathering was not found along the Malibu coast; hence, there is no basis for correlating the older deposits in the two areas.
Two radiometric ages for marine terrace deposits at Cayucos suggest correlation with the Corral terrace or older deposits. According to Veeh and Valentine (1967) the younger age given in figure 8 is for coral and is the more reliable of the two, although both should be considered minimum.
Terrace 2 on San Nicolas Island has a shoreline angle near 100 feet in altitude and is the lowest well-preserved marine terrace (Vedder and Norris 1963) . Although no evidence is given for a possible eustatic origin for the terrace, the age determinations suggest correlation with either the Dume or the Corral terrace. Terrace 1 has a shoreline angle at about 25-30 feet in altitude, but it is not well preserved, nor has it been dated. The age of terrace 9 is only a minimum, and therefore cannot be used for correlations with the mainland.
The Flint (1966) has reviewed the problems of correlating Quaternary marine deposits between distant coastlines and has concluded that the best approach is to decipher relative sea-level variations from the stratigraphic record. He then used similarities in the relative sea-level curves to suggest correlation between the Virginia, Alaska, and Mallorca coasts. Since publication of his report, radiometric dates have become available for some of these and other coasts.
The similarities in relative sea-level variations between widely separated coastlines strongly suggest a common eustatic control, whereas the variation in altitudes of shoreline angles probably reflects variation in rates of uplift ( fig. 9 ). There seem to have been two to three eustatic high stands of sea level between about 75,000 and 150,000 years B.P. This agrees with recent work of M6rner (1971). Before about 150,000 years B.P., sea level was low, and the next finite dates for a relatively high stand of sea level fall between about 170,000 and 230,000 years B.P. Deposits older than about 250,000 years B.P. are too old for the dating methods presently in use. Lack of more precise similarities between the coastlines in figure 9 may be due to some combination of tectonic and eustatic effects, preservation of stratigraphic units, and problems inherent in the various dating methods.
has been removed and the curve depicts sea-level variation relative to present sea level (radiometric age control not shown).
